show an increase with decreasing temperature and corresponds to the expected BCS behavior of the Nb energy gap ∆ Nb (T). The critical current is very sensitive to the influence of an external magnetic field and reduces twice at an external magnetic field (H≈0.2 Oe for L=40-50 µm)
comparable with the earth magnetic field; The magnetic field dependence I C (H) at low H was narrower than the Fraunhofer pattern about 1.5 times. Both the integer and fractional Shapiro steps at voltages V m,n =(m/n)(h/2e)f e were observed under microwave radiation at frequencies f e =38 GHz and f e =50 GHz. Fractional Shapiro steps (m/n=1/2, 3/2) may point on the presence of the second harmonic in the superconducting current-phase relation.
The spin-triplet superconducting pairing induced at the interface of a superconductor and a material with the strong spin-orbit interaction (SOI) gives promising opportunities for superconducting spintronics applications [1] [2] [3] . It has been shown theoretically, that the SOI in a ferromagnet of the superconductor-ferromagnet-superconductor junction can result in a spintriplet pairing [4] [5] [6] [7] . Rashba proximity states in superconducting tunnel junctions, tuning of a magnetization, the proximity-induced triplet superconductivity, and the anomalous Josephson effect have been predicted as well [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] . Coulomb repulsion and Pauli quenching affect the superconducting current in tunnel junction with SOI interlayer but do not destroy the possibility to tune it by changing the strength of the spin-orbit interaction [18] [19] [20] [21] . So, a lot of very interesting and important for superconducting transport features were predicted theoretically for superconducting structures with an interlayer having strong spin-orbit interaction.
An attempt of the experimental observation of the long-range proximity effect induced by SOI was reported for structures with high-Z (metallic Pt) inclusion into the ferromagnetic interlayer [22] . The unconventional proximity effect was observed in the bridge type Nb junction with a magnetically doped topological insulator (Fe-Bi 2 Te 2 Se) and splitting of the zero bias conducting peak and the microwave affected oscillation have been reported [23] . Superconductorsemiconductor, InAs, hybrids were studied in [24] in which the two-dimensional electron gas
(2DEG) appears due to the strong SOI. The appearance of the 4π-Josephson effect which is caused by Majorana surface states in time-reversal-invariant Weyl and Dirac semimetals [25, 26] , or in a system with a crossover of the 3D topological insulator to the 2D limit [27] were theoretically suggested. An existence of the 4π-periodic contribution in the superconducting current phase relation can be responsible for the disappearance of odd steps [11, 13] . Recent investigations of the interplay of a superconductivity, SOI, and Zeeman splitting in the twodimensional topological insulator HgTe have shown promising results [28] stimulating further studies of Josephson effects in the superconducting structure with SOI interlayer comprising from a more conventional material. The most experimental investigations of the superconducting structure with SOI interlayer were performed in bridge type structure with semiconductor (topological insulator) interlayer. The sandwich type structure is preferable due to the possibility to realize a few nm long distance between superconductors for the interference of superconducting wave function in Josephson junction with a barrier interlayer with SOI.
A natural choice for the interlayer material with a strong spin-orbit interaction in sandwich type junction is the 5d transition metal oxide Sr 2 IrO 4 from the layered Ruddlesden-Popper series (Sr i+1 Ir i O 3i+ 1 ; i = 1, 2, and ∞), in which, along with the electron-electron interaction, a strong SOI is also observed [29] [30] [31] [32] . The compound Sr 2 IrO 4 (i =1) is a canted antiferromagnetic insulator with the band splitting and J eff = 1/2 [33] . The intrinsic crystal field splits the degenerate states of 5d electrons into e g and t 2g bands, and the partially filled t 2g band splits into J eff = 3/2 and J eff = 1/2 due to the strong SOI over the iridium ions [34] . A protective Au thin film was deposited in situ as well at 30° C in the PLD chamber. The proximity effect between Nb and Au ensured the penetration of the superconducting order parameter through the Au film up to the Au/SIO interface as in the case of Au/YBCO junction [41] . The crystalline parameters of the films were determined using the 4-circle X-ray diffractometer, measuring X-ray diffractograms of 2Θ/ω scan and rocking curves. 
where I c1 and I c2 are amplitudes of the critical current for the first and the second harmonics, and the ratio q =I c2 /I c1 is used as a characteristic parameter for the second harmonic in the CPR.
Note, in presence of the second harmonic in the CPR the measured I C does not coincide with the I c1 , and the relationship of I C /I c1 and q is given in [41] . 
where
Fig . 4 shows the family of I-V curves at the fixed magnetic field H and dependence of the critical current on the external magnetic field for the MS with L=50 µm (see other parameters in Table   1 ). The experimental I C (H) dependence and the theoretical Fraunhofer pattern (1)) [41] and gives the 2 nd harmoniс
whereℑ is the barrier transparency.
The ac Josephson effects in MS was revealed by measurements of I-V curves under electromagnetic radiation in mm frequency range. Since the characteristic frequency for MS f C =(I C R N )2e/h is in GHz-range the investigation was carried out both at f e =38 GHz and at f e =50
GHz. Fig.5a shows an example of the voltage dependence of dV/dI of MS at f e =50 GHz, The information on the CPR in MS could be obtained from the dynamics of Shapiro steps varying the power of microwave irradiation in conditions of high frequency limit f e >f C [51] .
Dependences of the first i 1 =I 1 /I C (n=m=1), and the fractional (half-integer) i 1/2 =I 1/2 /I C (n=1, m=2)
Shapiro steps on the normalized microwave current a=I MW /I C (0) at f e =50 GHz are shown in Fig.5c and Fig.5d , correspondingly. Calculated dependences of i 1 (a) and i 1/2 (a) for different values of q and fixed McCumber parameter β C =f C /f RC =1 (f RC =1/πR N C) using the modified RSJ model [51, 53] are also presented in Fig.5c and Fig.5d . However, dependence i 1 =I 1 (a)/I C (0) in 
Critical current and Shapiro steps determination
In order to determine the values of critical current I C of MS under influence of the fluctuations, we analyzed the dependences of differential resistances dV/dI versus biasing current I. Fig. 2S shows an example of a family of dV/dI(I) at magnetic fields H=0. 44 where R N is hard to determine as an asymmetry in conductance G(V) exists is shown in Fig.4S which shows also the zero bias conductance anomaly. Note, the I-V curve in the vicinity of the Shapiro step has the same hyperbolic shape as in the stationary case [4S, 5S]. So, this approach is also applicable to determine the Shapiro step amplitudes I n/m . 
Zero bias conductance anomaly.
The zero bias conductance anomaly is seen on the voltage dependence of conductivity G(V) at the both temperatures, T=4.2 K when MS is superconducting, and at T=15.3 K when only YBCO electrode is in superconducting state (Fig.4S) . Asymmetry of G(V) seen also at relatively low voltages V<10 mV which hardly could be explained by an impact of a Schottky barrier. This may be caused by an asymmetry of a spin-polarized charge transport through the SIO barrier, but requires additional studies. 
